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Abstract: In this work, we systematically study the α decay preformation factors Pα and α decay half-lives
of 152 nuclei around Z = 82, N = 126 closed shells based on a generalized liquid drop model while Pα is ex-
tracted from the ratio of the calculated α decay half-life to the experimental one. The results show that there
is an obvious linear relationship between Pα and the product of valance protons (holes) Np and valance neutrons
(holes) Nn. At the same time, we extract the α decay preformation factors values of even-even nuclei around
Z = 82, N = 126 closed shells from the work of Sun et al. [J. Phys. G: Nucl. Part. Phys. 45, 075106 (2018)], in
which the α decay preformation factors can be calculated by two different microscopic formulas. We find that
the α decay preformation factors are also related to NpNn. Combining with our previous works [Sun et al.,
Phys. Rev. C 94, 024338 (2016); Deng et al., ibid. 96, 024318 (2017); Deng et al., ibid. 97, 044322 (2018)] and the
work of Seif et al. [Phys. Rev. C 84, 064608 (2011)], we suspect that this phenomenon of linear relationship for the
nuclei around those closed shells is model independent. It may be caused by the effect of the valence protons (holes)
and valence neutrons (holes) around the shell closures. Finally, using the formula obtained by fitting the α decay
preformation factor data calculated by the generalized liquid drop model (GLDM), we calculate the α decay half-lives
of these nuclei. The calculated results are agree with the experimental data well.
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1 Introduction
α decay, which is one of the most significant tools
for exploring nuclear structure information, can provide
the information of ground-state lifetime, nuclear force,
nuclear matter incompressibility, spin and parity of nu-
clei [1–4]. In 1928, Gamow, Condon and Gurney inde-
pendently proposed the quantum tunneling theory[5, 6]
named Gamow theory. Within this theory, the α decay is
explained as an α cluster preformed in the surface of the
parent nucleus penetrating the Coulomb barrier between
the cluster and the daughter nucleus. The probability of
α cluster formation in the parent nucleus is described
as the α preformation factor Pα, including many nuclear
structure information. It has became a hot topic in the
nuclear physics [7–10].
Up to now, there are many microscopical and phe-
nomenological models have been used to calculate Pα
[11–25]. Microscopically, in the R-matrix method[11–15],
Pα can be obtained by the initial tailored wavefunction
of the parent nucleus. However, the calculation of purely
microcosmic Pα is very difficult due to the complexity of
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the nuclear many-body problem and the uncertainty of
the nuclear potential. The α preformation factor can also
obtained by the approach of the microscopical Tohsaki-
Horiuchi-Schuck-Ro¨pke wave function [16, 17], which has
been successfully emploied to descibe the cluster struc-
ture in light nuclei[17]. Using the cluster-configuration
shell model, Varga et al. reproduced the experimental
decay width of 212Po and obtained its α preformation
factor Pα = 0.23[11, 15]. Recently, Ahmed et al. pro-
posed a new quantum-mechanical theory named cluster-
formation model (CFM) to calculate the α preforma-
tion factors Pα of even-even nuclei [19, 26]. Within this
model, Pα can be obtained through the ratio of the for-
mation energy Efα to the total energy E, while the Efα
and E can be obtained by binding energies of the nu-
cleus and its neighboring nuclides. Later, Deng et al.
and Ahmed et al. extended this model to odd-A and
odd-odd nuclei[20–22]. Generally, within different the-
oretical models, the α preformation factor Pα was differ-
ent due to the penetration probability varies greatly with
the exponential factor. Phenomenologically, the prefor-
mation factors Pα are extracted from the ratios of cal-
culated α decay half-lives to the experimental ones [23–
25]. In 2005, using the density-dependent cluster model
(DDCM)[18], Xu and Ren studied the available exper-
imental α decay half-lives of the medium mass nuclei.
Their results showed that the Pα are different for the
different types of parent nuclei i.e. Pα = 0.43 for even-
even nuclei, 0.35 for odd-A nuclei, and 0.18 for doubly
odd nuclei.
Recent works have been shown that the α preforma-
tion factors are affected by many confirmed factors such
as the isospin asymmetry of the parent nucleus, the de-
formation of the daughter, the pairing effect and the shell
effect [27, 28]. It has been observed that the minima
of the α preformation factors are at the protons, neu-
tron shells and subshell closures[27, 29–33]. Moreover,
many nuclear quantities [34–38] such as deformation and
B (E2) values [34, 35], rotational moments of inertia in
low spin states in the rare earth region [36], core cluster
decomposition in the rare earth region [37], properties
of excited states [38] and so on display a systematic be-
havior with the product of valence protons (holes) Np
and valence neutrons (holes) Nn of the parent nucleus,
respectively. In 2011, Seif et al. found that the α pre-
formation factor is linearly proportional to the product
of the Np and Nn for even-even nuclei around Z=82 and
N=126 closed shells [39]. In our previous works [40–
42], based on the two-potential approach (TPA) [43, 44],
we found that this linear relationship also exist in the
cases of odd-A and doubly-odd nuclei for favored and
unfavored α decay[40, 41]. Very recently, using cluster-
formation model (CFM), we calculated the α preforma-
tion factor of all kinds of nuclei and found that this linear
relationship is also exist [42]. Combined with Seif et al.
work and our previous works, it is interesting to vali-
date whether this linear relationship is model dependent
or due to the valence proton-neutron interaction of the
shell closures. In present work, using generalized liquid
drop model (GLDM) [45–51], we systematically study
the α preformation factors Pα and α decay half-lives of
152 nuclei around Z=82, N=126 shell closures. Our re-
sults show that the α preformation factors of these nu-
clei and NpNn still satisfy this linear relationship, which
means that this relationship may be caused by the va-
lence proton-neutron correlation around Z = 82, N = 126
shell closures.
The article is arranged as follows. In the next sec-
tion, the theoretical framework of the GLDM is briefly
presented. The detailed calculations and discussion are
presented in Section 3. Finally, a summary is given in
Section 4.
2 Theoretical framework
The α decay half-life can be calaulated by decay con-
stant λ, which can be written as
T1/2=
ln2
λ
. (1)
Here the α decay constant is defined as
λ=PανP, (2)
where Pα is the α preformation factor. P , the penetra-
tion probability of the α particle crossing the barrier, is
calculated by Eq. (12). ν is the assault frequency which
can be calculated with the oscillation frequency ω and
written as [52]
ν=
ω
2pi
=
(2nr+ l+
3
2
)~
2piµRn
2 =
(G+ 3
2
)~
1.2piµR00
2 , (3)
where µ = mdmα
md+mα
represents the reduced mass between
α particle and the daughter nucleus with md and mα
being the mass of the daughter nucleus and α particle,
respectively. ~ is the reduced Planck constant. Rn =√
3
5
R00 denotes the nucleus root-mean-square (rms) ra-
dius with R00 = 1.240A
1/3(1 + 1.646
A
− 0.191A−2Z
A
) [53],
where A and Z are the proton and mass number of par-
ent nucleus. G = 2nr+ l represents the main quantum
number with nr and l being the radial quantum number
and the angular quantity quantum number, respectively.
For α decay, G can be obtained by [54]
G=2nr+ l=


18, N ≤ 82,
20, 82<N ≤ 126,
22, N > 126.
(4)
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lmin, the minimum angular momentum taken away by the
α particle, can be obtained by [55]
lmin=


∆j, for even∆j andpip= pid,
∆j+1, for even∆j andpip 6= pid,
∆j, for odd∆j andpip 6= pid,
∆j+1, for odd∆j andpip= pid,
(5)
where ∆j = |jp−jd|. jp, pip, jd, pid represent spin and par-
ity values of the parent and daughter nuclei, respectively.
The generalized liquid drop model (GLDM) has been
successfully employed to describe the fusion reactions
[49] and nuclear decays [48, 50, 51]. Within the GLDM,
the macroscopic total energy E is defined as [46]
E=ES+EV +EC+Eprox, (6)
where ES , EV , EC and Eprox are the surface, volume,
Coulomb and proximity energies, respectively. For one-
body shapes, the ES , EV and EC can be expressed as
ES =17.9439(1−2.6I
2)A2/3(S/4piR20)MeV,
EV =−15.494(1−1.8I
2)AMeV, (7)
EC =0.6e
2(Z2/R0)×0.5
∫
(V (θ)/V0)(R(θ)/R0)
3 sinθdθ,
where I = (N −Z)/A is the relative neutron excess. S
is the surface of the deformed nucleus. V (θ) is the elec-
trostatic potential at the surface and V0 is the surface
potential of the sphere. R0 = 1.28A
1/3−0.76+0.8A−1/3
is the effective sharp radius[45].
For two separated spherical nuclei, the ES , EV and
EC are defined as:
ES =17.9439[(1−2.6I1
2)A1
2/3+(1−2.6I2
2)A2
2/3]MeV,
EV =−15.494[(1−1.8I1
2)A1+(1−1.8I2
2)A2]MeV, (8)
EC =0.6e
2Z1
2/R1+0.6e
2Z2
2/R2+e
2Z1Z2/rMeV,
where Ai, Zi and Ii are the mass number, charge number
and relative neutron excesses of these nuclei, respectively.
r is the distance between the mass centres. R1 and R2
are the radii of the daughter nuclei and the α particle,
which can obtained by the following relationship
R1=R0(1+β
3)−1/3, (9)
R2=R0β(1+β
3)−1/3,
where
β=
1.28A2
1/3−0.76+0.8A2
−1/3
1.28A1
1/3−0.76+0.8A1
−1/3
. (10)
The surface energy ES comes from the effects of the
surface tension forces in a half-space and does not include
the contribution of the attractive nuclear forces between
the considered surfaces in the neck or in the gap between
the fragments. The nuclear proximity energy term Eprox
has been introduced to take into account these additional
surface effects. It can be defined as
Eprox(r)= 2γ
∫ hmax
hmin
Φ[D(r,h)/b]2pihdh. (11)
Here h is the transverse distance varying from the neck
radius or zero to the height of the neck border. After
the separation, hmin = 0 and hmax = R2. D is the dis-
tance between the opposite infinitesimal surfaces consid-
ered, b is the surface width fixed at the standard value
of 0.99 fm, Φ is the proximity function of Feldmeier,
γ =0.9517
√
(1−2.6I1
2)(1−2.6I2
2) MeV fm−2 is the ge-
ometric mean between the surface parameters of the two
nuclei.
P, the penetration probability of the α particle cross-
ing the barrier, is calculated within the action integral
P =exp
[
−
2
~
∫
Rout
Rin
√
2B(r)(E(r)−E(sphere))dr
]
.
(12)
Here, B(r) = µ, Qα is the α decay energy. Rin and
Rout are the two turning points of the semiclassical
Wentzel-Kramers-Brillouin (WKB) action integral with
E(Rin) = E(Rout) = Qα. Rin = R1 +R2. Consisdering
the contribution of the centrifugal potential, Rout can be
obtained by
Rout =
Z1Z2e
2
2Qα
+
√(
Z1Z2e2
2Qα
)2
+
l(l+1)~2
2µQα
. (13)
3 Results and discussion
In recent years, many works have been indicated that
the α preformation factor Pα of the nucleus becomes
smaller as the valence nucleus (hole) becomes smaller
[23–25]. Meanwhile, intensive works related to the NpNn
scheme have indicated the importance of the proton-
neutron interaction in determining the evolution of nu-
clear structure [59–63]. In 2011, Seif et al. found
that the Pα are linearly related to the multiplication
of valence proton numbers and valence neutron num-
bers NpNn for even-even nuclei around Z = 82, N =
126 shell closures [39]. Very recently, we found that this
linear relationship is still exist in the cases of odd-A and
doubly-odd nuclei for favored and unfavored α decay[40–
42]. Moreover, we systematically studied the Pα based
on the cluster-formation model (CFM)[19–22] of all kinds
of nuclei around Z = 82, N = 126 shell closures. The re-
sults indicated that the linear relationship between the
α preformation factors and NpNn still exists. Whether
this phenomenon is model dependent or may the effect of
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the valance proton-neutron interaction around the closed
shells is an interesting problem. In present work, we use
the generalized liquid drop model (GLDM) to systemati-
cally study the Pα and α decay half-lives of nuclei around
Z = 82, N = 126 shell closures, while the experimental α
decay half-lives T expt1/2 are taken from the latest evaluated
nuclear properties table NUBASE2016 [56].
First, we calculate the α preformation factors Pα of
152 nuclei (including 47 even-even nuclei, 73 odd-A nu-
clei, and 32 doubly-odd nuclei) around Z = 82, N = 126
shell closures through Pα =
Tcalc
1/2
T
expt
1/2
, while the theoretical
calculations T calc1/2 are obtained by GLDM. The calculated
results of Pα are listed the fifth column of Tables 1-5.
For more clearly observe the relationship between the
obtained Pα and NpNn for these nuclei, we plot the Pα
as the function of
NpNn
Z0+N0
in five cases in Figs. 1-3 (Fig. 1
for the case of even-even nuclei, Fig. 2 for the cases of
the favored and unfavored odd-A nuclei, Fig. 3 for the
cases of the favored and unfavored doubly-odd nuclei),
respectively. To more clearly describe the Np and Nn,
bounded by the double magic numbers Z = 82, N =
126, we divide these 152 nuclei into three regions. In
region I, the proton number of nucleus is above the Z =
82 shell closure and the neutron number is below the N
= 126 closed shell, while the
NpNn
Z0+N0
value is negative. In
region II, the proton number of nucleus is above the Z =
82 shell closure and the neutron number is above the N
= 126 closed shell, while the
NpNn
Z0+N0
value is positive. In
region III, the proton number of nucleus is below the Z
= 82 shell closure and the neutron number is above the
N = 126 closed shell, while the
NpNn
Z0+N0
value is positive.
In Fig. 1, the red dots represents the case of even-even
nuclei α decay, the red dash line represents the fittings of
Pα for cases of even-even nuclei α decay. In Figs. 2-3, the
red dots and blue triangle represent the cases of favored
and unfavored α decay, respectively. The red dash and
blue solid lines represent the fittings of Pα. As we can
see in Figs. 1-3, around Z = 82, N = 126 shell closures,
when the values of
NpNn
Z0+N0
are positive, Pα increases ba-
sically with the increase of
NpNn
Z0+N0
. Similarly, when the
values of
NpNn
Z0+N0
are negative, Pα increases basically with
the increase of
NpNn
Z0+N0
. Furthermore, we find that the lin-
ear relationships of Figs. 1-3 are relatively obvious except
the right sides of Figs. 2-3 for the cases of favored decay.
Obviously, some red dots in the right sides of Figs. 2-3
deviate too much from the fitted line. Careful analysis
of the right side of Fig. 2, a fantastic phenomenon ap-
pears: the Pα values of some odd-Z nuclei are even larger
than ones of most even-even nuclei i.e. Pα = 0.572 for
217Fr, 0.534 for 217Ac, 0.826 for 219Pa. Theoretically, for
odd-A and odd-odd nucleus, due to the Pauli-blocking
effect, the unpaired nucleon(s) would lead to the α par-
ticle formation suppressed, thus the Pα of odd-A should
not be too large. In response to aboved phenomenon of
the right side of Fig. 2, we note that the neutron num-
ber N of 217Fr, 217Ac and 219Pa are 130, 128 and 128,
respectively, which are near the magic number N = 126.
Recent works showed that the Pα values decrease with
increasing neutron number until the shell closure at N
= 126, then sharp increase with N , implying the impor-
tant influence of shell effects on α particle preformation
process in the parent nuclei [64, 65]. As we can see from
the right side of Fig. 3, there are seven red dots for fa-
vored odd-odd nuclei decay, however, we can find five
of them have uncertain spin or parity from table4 i.e.
216At, 216Fr. Hence, the inaccuracy of minimum angu-
lar momentum taken away by the α particle (lmin) will
in turn affects the Pα values extracted from the radio of
calculated decay half-life to experimental ones.
In 2018, based on the single particle energy spec-
tra obtained by the relativistic Hartree-Bogoliubov mean
field model [66], Sun and Zhang defined the microscopic
valence nucleon (holes) numbers (Ωpi,Ων) and proposed
two different formulas to calculate Pα, which can be ex-
pressed as [67]
Pα= aΩpiΩν {1+bexp[−
(λpi−λν)
2
2σ2
]}, (14)
Pα= ann,nhΩpiΩν . (15)
Here parameters a, b and σ in eq. (14), as well as ann,nh
in eq. (15) correspond to the valence proton-neutron in-
teraction strength.
In their work, using the aboved formula, they system-
atically investigated the α decay preformation factors Pα
for even-even polonium, radon, radium and thorium iso-
topes. Based on the calculated results of their work, we
plot Pα as the function of
NpNn
Z0+N0
in Figs. 4-5. In these
figures, the blue opened squares represent the even-even
nuclei extracted from Sun and Zhang work, which are
located around shell closures, the blue dashed lines rep-
resent the fittings of the Pα. As we can see from these
figures, like Fig. 1, for the case of even-even nuclei, the
Pα obtained by eq. (14) and eq. (15) also have an obvi-
ous linear relationship with
NpNn
Z0+N0
. This phenomenon
further implies that this linear relationship is not model
dependent. Furthermore, for the cases of unfavored α
decay, from Figs. 2-3, we find that the values of Pα are
relatively small relative to the favored α decay. The rea-
sons may be the influence of centrifugal potential, which
reduces the α decay width or nuclear structure configu-
ration changes. Combining with the analysis results of
Figs. 1-3, we suspect the linear relationship between Pα
and NpNn for all kinds of nuclei may be related to the ef-
fect of valence proton-neutron around shell closures. In
order to deeper study the relationship between α pre-
formation factors Pα and NpNn, all cases of Pα can be
010201-4
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obtained by the linear relationship,
Pα= a
NpNn
Z0+N0
+b. (16)
Here a and b are adjustable parameters which are ex-
tracted from fittings of Figs. 1-3 and listed in Table 6. In
theory, combined on these parameters and Eq. (15), one
can obtain the fitted Pα.
Second, we systematically calculate the α decay half-
lives of 152 nuclei using GLDM. All the numerical re-
sults are shown in Tables 1-5. In these tables, the
first five columns denote the α transition, α decay en-
ergy Qα which is taken from the latest evaluated atomic
mass table AME2016 [57, 58], spin-parity transforma-
tion (jpip → j
pi
d ), minimum orbital angular momentum
lmin taken away by the α particle and the extracted α
preformation factor, respectively. The sixth column de-
notes the logarithmic form of the experimental α decay
half-life denoted as lgTexp1/2. The last two columns de-
note the logarithmic form of calculated α decay half-
life using GLDM without considering Pα and with fit-
ting Pα calculated by Eq. (15), which are denoted as
lgTcalc11/2 and lgT
calc2
1/2 , respectively. Simultaneously, each
table is divided into two parts: region I, regions II and
III. As can be seen from Tables 1-5, relative to lgTcalc11/2 ,
lgTcalc21/2 can better reproduce experimental data. For
more intuitively, we calculate the standard deviations
σ =
√∑
(log10T
calc
1/2 − log10T
exp
1/2)
2/n between the calcu-
lated α decay half-lives and experimental data. The cal-
culated results are given in Table 7. In this table, σ1, σ2
represent the standard deviations between T calc11/2 , T
calc2
1/2
and T exp1/2 , respectively. As we can see from Table 7, it
is obviously that for all kinds of nuclei, the values of σ1
is much bigger than the values of σ2. The maximum
value of σ2 is only 0.40, it implies that the calculated α
decay half-lives using the GLDM with fitting Pα calcu-
lated by Eq. (15) can better reproduce the experimental
data. Moreover, for more clearly indicating the agree-
ment between the calculations using the GLDM with the
fitting Pα and the experimental data, we plot the loga-
rithm deviation between the calculated results and ex-
perimental data for all kinds of nuclei in Figs. 6(a)-6(c).
In Figs. 6(a)-6(c), the opened blue circles denote the log-
arithm deviation between the calculated results and ex-
perimental data of the cases of favored α decay for all
kinds of nuclei. The red circles in Figs. 6(b)-6(c) denote
the cases of unfavored α decay for odd-A and odd-odd
nuclei, respectively. One can see from Figs. 6(a)-6(c), the
values of log10T
cal
1/2− log10T
exp
1/2 are basically between -0.4
and 0.4. It indicates that GLDM with the fitting Pα can
be treated as a useful tool to study the α decay half-lives
of nuclei around the Z = 82, N = 126 shell closures.
Table 1. Calculations of α decay half-lives in logarithmic form and the α preformation factors of even-even nuclei
in Region I-III around Z = 82, N = 126 closed shells. The experimental α decay half-lives, spin and parity are
taken from the latest evaluated nuclear properties table NUBASE2016 [56], the α decay energies Qα are taken
from the latest evaluated atomic mass table AME2016 [57, 58]. The α preformation factors Pα are extracted from
the ratios of calculated α decay half-lives to the experimental data[23–25], while the calculated α decay half-lives
are obtained by GLDM.
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α transition Qα (MeV) jpip → j
pi
d lmin Pα lgT
expt
1/2
(s) lgTcalc1
1/2
(s) lgTcalc2
1/2
(s)
Nuclei in Region I
186 Po →182 Pb 8.501 0+→ 0+ 0 0.126 −4.469 −5.369 −4.641
190 Po →186 Pb 7.693 0+→ 0+ 0 0.201 −2.609 −3.307 −2.515
194 Po →190 Pb 6.987 0+→ 0+ 0 0.176 −0.407 −1.160 −0.293
196 Po →192 Pb 6.658 0+→ 0+ 0 0.172 0.754 −0.011 0.899
198 Po →194 Pb 6.310 0+→ 0+ 0 0.114 2.266 1.324 2.282
200 Po →196 Pb 5.981 0+→ 0+ 0 0.082 3.793 2.707 3.719
202 Po →198 Pb 5.700 0+→ 0+ 0 0.069 5.143 3.984 5.057
204 Po →200 Pb 5.485 0+→ 0+ 0 0.059 6.275 5.043 6.187
206 Po →202 Pb 5.327 0+→ 0+ 0 0.052 7.144 5.862 7.091
208 Po →204 Pb 5.216 0+→ 0+ 0 0.031 7.961 6.457 7.793
200 Rn →196 Po 7.043 0+→ 0+ 0 0.200 0.070 −0.629 0.099
202 Rn →198 Po 6.773 0+→ 0+ 0 0.159 1.090 0.291 1.083
204 Rn →200 Po 6.547 0+→ 0+ 0 0.128 2.012 1.120 1.987
206 Rn →202 Po 6.384 0+→ 0+ 0 0.105 2.737 1.757 2.715
208 Rn →204 Po 6.260 0+→ 0+ 0 0.074 3.367 2.236 3.309
210 Rn →206 Po 6.159 0+→ 0+ 0 0.048 3.954 2.631 3.861
212 Rn →208 Po 6.385 0+→ 0+ 0 0.029 3.157 1.616 3.093
204 Ra →200 Rn 7.637 0+→ 0+ 0 0.210 −1.222 −1.900 −1.253
208 Ra →204 Rn 7.273 0+→ 0+ 0 0.128 0.104 −0.789 0.039
214 Ra →210 Rn 7.273 0+→ 0+ 0 0.048 0.387 −0.933 0.543
212 Th →208 Ra 7.958 0+→ 0+ 0 0.163 −1.499 −2.287 −1.420
214 Th →210 Ra 7.827 0+→ 0+ 0 0.131 −1.060 −1.942 −0.869
216 U →212 Th 8.530 0+→ 0+ 0 0.078 −2.161 −3.266 −2.255
Nuclei in Regions II and III
178 Pb →174 Hg 7.790 0+→ 0+ 0 0.380 −3.638 −4.059 −3.568
180 Pb →176 Hg 7.419 0+→ 0+ 0 0.220 −2.387 −3.045 −2.554
184 Pb →180 Hg 6.773 0+→ 0+ 0 0.160 −0.213 −1.011 −0.520
186 Pb →182 Hg 6.470 0+→ 0+ 0 0.099 1.072 0.069 0.560
188 Pb →184 Hg 6.109 0+→ 0+ 0 0.111 2.427 1.474 1.965
190 Pb →186 Hg 5.697 0+→ 0+ 0 0.107 4.245 3.273 3.763
192 Pb →188 Hg 5.221 0+→ 0+ 0 0.136 6.546 5.680 6.170
194 Pb →190 Hg 4.738 0+→ 0+ 0 0.019 10.234 8.511 9.002
210 Pb →206 Hg 3.793 0+→ 0+ 0 0.038 16.967 15.550 16.040
210 Po →206 Pb 5.408 0+→ 0+ 0 0.018 7.078 5.344 5.835
212 Po →208 Pb 8.954 0+→ 0+ 0 0.247 −6.531 −7.138 −6.666
214 Po →210 Pb 7.834 0+→ 0+ 0 0.268 −3.786 −4.358 −3.903
216 Po →212 Pb 6.907 0+→ 0+ 0 0.262 −0.839 −1.420 −0.981
218 Po →214 Pb 6.115 0+→ 0+ 0 0.276 2.269 1.711 2.134
214 Rn →210 Po 9.208 0+→ 0+ 0 0.321 −6.569 −7.062 −6.606
216 Rn →212 Po 8.198 0+→ 0+ 0 0.497 −4.347 −4.650 −4.227
218 Rn →214 Po 7.263 0+→ 0+ 0 0.412 −1.472 −1.857 −1.464
220 Rn →216 Po 6.405 0+→ 0+ 0 0.388 1.745 1.334 1.698
216 Ra →212 Rn 9.526 0+→ 0+ 0 0.416 −6.740 −7.121 −6.682
218 Ra →214 Rn 8.546 0+→ 0+ 0 0.530 −4.599 −4.874 −4.481
216 Th →212 Ra 8.072 0+→ 0+ 0 0.073 −1.585 −2.724 −2.234
218 Th →214 Ra 9.849 0+→ 0+ 0 0.582 −6.932 −7.167 −6.744
220 Th →216 Ra 8.953 0+→ 0+ 0 0.604 −5.013 −5.232 −4.868
218 U →214 Th 8.775 0+→ 0+ 0 0.199 −3.260 −3.961 −3.470
Table 2. Same as Table 1, but for favored α decay of odd-A nuclei around the Z = 82, N = 126 shell closures. “()”
represents uncertain spin and/or parity, and “#” represents values estimated from trends in neighboring nuclides
with the same Z and N parities.
010201-6
Chinese Physics C Vol. xx, No. x (201x) xxxxxx
α transition Qα (MeV) jpip → j
pi
d lmin Pα lgT
expt
1/2
(s) lgTcalc1
1/2
(s) lgTcalc2
1/2
(s)
Nuclei in Region I
195Po →191 Pb 6.745 (3/2−)→ (3/2−) 0 0.100 0.692 −0.309 0.687
197Po →193 Pb 6.405 (3/2−)→ (3/2−) 0 0.076 2.079 0.960 2.014
199Po →195 Pb 6.075 (3/2−)→ 3/2− 0 0.047 3.639 2.314 3.434
201Po →197 Pb 5.799 3/2−→ 3/2− 0 0.042 4.917 3.541 4.740
205Po →201 Pb 5.325 5/2−→ 5/2− 0 0.050 7.185 5.887 7.309
207Po →203 Pb 5.216 5/2−→ 5/2− 0 0.030 7.993 6.473 8.071
197At →193 Bi 7.105 (9/2−)→ (9/2−) 0 0.155 −0.394 −1.205 −0.347
199 At →195 Bi 6.778 9/2(−)→ 9/2(−) 0 0.106 0.894 −0.080 0.841
201At →197 Bi 6.473 (9/2−)→ (9/2−) 0 0.095 2.076 1.053 2.048
203 At →199 Bi 6.210 9/2−→ 9/2− 0 0.087 3.152 2.091 3.176
205 At →201 Bi 6.019 9/2−→ 9/2− 0 0.040 4.299 2.901 4.101
207At →203 Bi 5.873 9/2−→ 9/2− 0 0.054 4.814 3.549 4.903
209 At →205 Bi 5.757 9/2−→ 9/2− 0 0.025 5.672 4.068 5.666
211 At →207 Bi 5.983 9/2−→ 9/2− 0 0.014 4.793 2.945 5.144
195 Rn →191 Po 7.694 3/2−→ (3/2−) 0 0.322 −2.155 −2.647 −1.991
197 Rn →193 Po 7.410 (3/2−)→ (3/2−) 0 0.289 −1.268 −1.807 −1.099
203 Rn →199Po 6.629 3/2−#→ (3/2−) 0 0.101 1.818 0.825 1.745
207 Rn →203 Po 6.251 5/2−→ 5/2− 0 0.076 3.417 2.299 3.458
209 Rn →205 Po 6.155 5/2−→ 5/2− 0 0.048 4.000 2.683 4.037
199 Fr →195 At 7.816 1/2+#→ 1/2+ 0 0.298 −2.180 −2.706 −2.063
201 Fr →197 At 7.519 (9/2−)→ (9/2−) 0 0.231 −1.202 −1.839 −1.130
203 Fr →199 At 7.274 9/2−→ 9/2(−) 0 0.146 −0.260 −1.096 −0.312
205 Fr →201 At 7.054 9/2−→ (9/2−) 0 0.112 0.582 −0.370 0.507
207 Fr →203 At 6.894 9/2−→ 9/2− 0 0.096 1.190 0.171 1.167
209 Fr →205 At 6.777 9/2−→ 9/2− 0 0.064 1.753 0.561 1.719
211 Fr →207 At 6.662 9/2−→ 9/2− 0 0.043 2.328 0.958 2.379
213 Fr →209 At 6.905 9/2−→ 9/2− 0 0.028 1.535 −0.014 2.185
203 Ra →199 Rn 7.735 (3/2−)→ (3/2−) 0 0.185 −1.444 −2.177 −1.509
209 Ra →205 Rn 7.143 5/2−→ 5/2− 0 0.092 0.673 −0.363 0.632
205Ac →201 Fr 8.096 9/2−#→ (9/2−) 0 0.016 −1.097 −2.904 −2.261
207Ac →203 Fr 7.849 9/2−#→ 9/2− 0 0.197 −1.509 −2.214 −1.477
211 Ac →207 Fr 7.619 9/2−→ 9/2− 0 0.117 −0.672 −1.605 −0.582
213Pa →209 Ac 8.395 9/2−#→ (9/2−) 0 0.094 −2.155 −3.184 −2.263
215Pa →211Ac 8.235 9/2−#→ 9/2− 0 0.116 −1.854 −2.791 −1.591
Nuclei in Regions II and III
177 Tl →173 Au 7.066 (1/2+)→ (1/2+) 0 0.223 −1.609 −0.652 −1.821
179 Tl →175 Au 6.705 1/2+→ 1/2+ 0 0.188 −0.356 −0.726 −0.634
213 Po →209 Pb 8.536 9/2+→ 9/2+ 0 0.177 −5.431 −0.752 −5.641
215 Po →211 Pb 7.527 9/2+→ 9/2+ 0 0.193 −2.750 −0.714 −2.942
219 Po →215 Pb 5.916 9/2+#→ 9/2+# 0 0.179 3.340 −0.747 3.082
213 At →209 Bi 9.254 9/2−→ 9/2− 0 0.274 −6.903 −0.562 −6.925
215 At →211 Bi 8.178 9/2−→ 9/2− 0 0.112 −4.000 −0.951 −4.438
217 At →213 Bi 7.202 9/2−→ 9/2− 0 0.273 −1.487 −0.564 −1.564
219 At →215 Bi 6.342 (9/2−)→ (9/2−) 0 0.242 1.777 −0.616 1.623
215 Rn →211 Po 8.839 9/2+→ 9/2+ 0 0.249 −5.638 −0.604 −5.728
217 Rn →213 Po 7.888 9/2+→ 9/2+ 0 0.296 −3.268 −0.529 −3.316
215 Fr →211 At 9.541 9/2−→ 9/2− 0 0.405 −7.066 −0.393 −6.937
217 Fr →213 At 8.470 9/2−→ 9/2− 0 0.572 −4.775 −0.243 −4.538
219 Fr →215 At 7.449 9/2−→ 9/2− 0 0.395 −1.699 −0.403 −1.662
217 Ra →213 Rn 9.161 (9/2+)→ 9/2+# 0 0.286 −5.788 −0.544 −5.845
215 Ac →211 Fr 7.746 9/2−→ 9/2− 0 0.046 −0.770 −1.337 −1.536
217 Ac →213 Fr 9.832 9/2−→ 9/2− 0 0.534 −7.161 −0.272 −6.929
219 Ac →215 Fr 8.827 9/2−→ 9/2− 0 0.480 −4.928 −0.319 −4.800
219 Th →215 Ra 9.511 9/2+#→ 9/2+# 0 0.312 −5.991 −0.506 −6.034
217 Pa →213 Ac 8.488 9/2−#→ 9/2−# 0 0.082 −2.458 −1.086 −2.975
219 Pa →215 Ac 10.084 9/2−→ 9/2− 0 0.826 −7.276 −0.083 −6.871
221 Pa →217 Ac 9.251 9/2−→ 9/2− 0 0.415 −5.229 −0.382 −5.193
221 U →217 Th 9.889 (9/2+)→ 9/2+# 0 0.312 −6.180 −0.506 −6.246010201-7
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Table 3. Same as Tables 1 and 2, but for unfavored α decay of odd-A nuclei around the doubly magic core at Z =
82, N = 126.
α transition Qα (MeV) jpip → j
pi
d lmin Pα lgT
expt
1/2
(s) lgTcalc1
1/2
(s) lgTcalc2
1/2
(s)
Nuclei in Region I
209 Bi →205 Tl 3.138 9/2−→ 1/2+ 5 0.001 26.802 23.934 25.999
189 Po →185 Pb 7.694 (5/2−)→ 3/2− 2 0.158 −2.420 −3.223 −2.383
203 Po →199 Pb 5.496 5/2−→ 3/2− 2 0.062 6.294 5.085 6.353
205 Rn →201 Po 6.386 5/2−#→ 3/2−# 2 0.100 2.837 1.840 2.843
207 Ra →203 Rn 7.269 1/2−→ 5/2− 2 0.129 0.205 −0.683 0.157
213 Ra →209 Rn 6.862 (1/2−)→ 5/2(−) 2 0.022 2.309 0.641 2.194
215 Th →211 Ra 7.665 1/2−#→ 5/2−# 2 0.034 0.079 −1.387 0.074
Nuclei in Regions II and III
187 Pb →183 Hg 6.393 3/2−→ 1/2− 2 0.016 2.203 0.406 2.471
189 Pb →185 Hg 5.915 3/2−→ 1/2− 2 0.024 3.989 2.375 4.440
213 Bi →209 Ti 5.988 9/2−→ 1/2+ 5 0.001 5.116 2.256 5.214
213 Rn →209 Po 8.245 9/2+#→ 1/2− 5 0.002 −1.710 −4.444 −1.486
219 Rn →215 Po 6.946 5/2+→ 9/2+ 2 0.048 0.598 −0.720 0.794
221 Rn →217 Po 6.162 7/2+→ (9/2+) 2 0.040 3.844 2.442 3.835
215 Ra →211 Rn 8.864 9/2+#→ 1/2− 5 0.003 −2.777 −5.364 −2.916
219 Ra →215 Rn 8.138 (7/2+)→ 9/2+ 2 0.018 −2.000 −3.754 −2.274
217 Th →213 Ra 9.435 9/2+#→ 1/2− 5 0.004 −3.607 −6.048 −3.828
Table 4. Same as Tables 1 and 2, but for favored α decay of doubly-odd nuclei.
α transition Qα (MeV) jpip → j
pi
d lmin Pα lgT
expt
1/2
(s) lgTcalc1
1/2
(s) lgTcalc2
1/2
(s)
Nuclei in Region I
192 At →188 Bi 7.696 3+#→ 3+# 0 0.115 −1.939 −2.957 −2.019
200 At →196 Bi 6.596 (3+)→ (3+) 0 0.059 1.917 0.594 1.823
202 At →198 Bi 6.353 3(+)→ 3(+) 0 0.045 3.161 1.511 2.857
204 At →200 Bi 6.071 7+→ 7+ 0 0.031 4.156 2.689 4.198
206 At →202 Bi 5.886 (5)+→ 5(+#) 0 0.017 5.306 3.506 5.279
208 At →204 Bi 5.751 6+→ 6+ 0 0.003 6.023 4.114 6.667
200 Fr →196 At 7.615 (3+)→ (3+) 0 0.134 −1.323 −2.113 −1.240
204 Fr →200 At 7.170 3+→ (3+) 0 0.087 0.260 −0.764 0.295
206 Fr →202 At 6.924 3+→ 3(+) 0 0.064 1.258 0.084 1.279
208 Fr →204 At 6.784 7+→ 7+ 0 0.040 1.821 0.555 1.950
206 Ac →202 Fr 7.959 (3+)→ 3+ 0 0.129 −1.602 −2.528 −1.640
Nuclei in Regions II and III
214 At →210 Bi 8.987 1−→ 1− 0 0.186 −6.253 −6.912 −6.182
216 At →212 Bi 7.950 1(−)→ 1(−) 0 0.218 −3.523 −4.336 −3.674
218 At →214 Bi 6.874 1−#→ 1− 0 0.249 0.176 −0.910 −0.307
216 Fr →212 At 9.175 (1−)→ (1−) 0 0.218 −6.155 −6.685 −6.022
218 Fr →214 At 8.014 1−→ 1− 0 0.270 −3.000 −3.791 −3.223
218 Ac →214 Fr 9.374 1−#→ (1−) 0 0.249 −6.000 −6.487 −5.884
220 Pa →216 Ac 9.651 1−#→ (1−) 0 0.281 −6.108 −6.471 −5.920
Table 5. Same as Tables 1 and 2, but for unfavored α decay of doubly-odd nuclei.
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α transition Qα (MeV) jpip → j
pi
d lmin Pα lgT
expt
1/2
(s) lgTcalc1
1/2
(s) lgTcalc2
1/2
(s)
Nuclei in Region I
186 Bi →182 Tl 7.757 (3+)→ (2−) 1 0.012 −1.830 −3.749 −2.092
190 Bi →186 Tl 6.862 (3+)→ (2−) 1 0.012 0.912 0.688 3.704
192 Bi →188 Tl 6.381 (3+)→ (2−) 1 0.020 2.442 2.478 2.852
194 Bi →190 Tl 5.918 (3+)→ (2−) 1 0.023 4.313 4.420 2.697
210 At →206 Bi 5.631 (5)+→ (6)+ 2 0.003 7.221 6.687 6.125
210 Fr →206 At 6.672 6+→ (5)+ 2 0.038 2.427 2.755 2.019
212 Fr →208 At 6.529 5+→ 6+ 2 0.012 3.444 3.442 3.626
212 Pa →208 Ac 8.415 7+#→ (3+) 4 0.021 −2.125 −3.794 −2.116
Nuclei in Regions II and III
210 Bi →206 Tl 5.037 1−→ 0− 2 2.330E-05 11.616 10.343 21.455
212 Bi →208 Tl 6.207 1(−)→ 5+ 5 0.002 4.005 4.171 7.326
214 Bi →210 Tl 5.621 1−→ 5+# 5 0.002 6.753 6.667 7.478
212 At →208 Bi 7.817 (1−)→ 5+ 5 0.001 −0.503 −0.719 9.542
214 Fr →210 At 8.588 (1−)→ (5)+ 5 0.002 −2.286 −2.359 7.413
216 Ac →212 Fr 9.235 (1−)→ 5+ 5 0.003 −3.357 −3.423 6.596
Table 6. The fitted parameters of Eq. (16).
Region
favored decay unfavored decay
a b a b
even-even Nuclei
I -0.66547 0.03339 - -
II,III 1.8334 0.25035 - -
odd-A Nuclei
I -0.65688 0.00632 -0.67342 0.00862
II,III 0.64805 0.26947 0.2559 -0.00382
doubly-odd Nuclei
I -0.48781 -0.01831 -0.10994 0.00988
II,III 1.0972 0.13849 0.09388 −1.34923×10−4
Table 7. The standard deviations σ between the
calculated α decay half-lives and experimental
ones.
Nuclei
favored decay unfavored decay
σ1 σ2 σ1 σ2
Even-even nuclei 0.947 0.350 - -
Odd−A nuclei 0.978 0.262 1.90 0.272
Doubly odd nuclei 1.145 0.227 2.494 0.400
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Fig. 1. (color online) The α preformation factors
of even-even nuclei around Z0 = 82 and N0 = 126
shell closures as a function of
NpNn
N0+Z0
, where Np
and Nn denote valence protons (holes) and neu-
trons (holes) of parent nucleus, respectively. The
dash lines are the fittings of α preformation fac-
tors.
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Fig. 2. (color online) Same as Fig. 1, but it repre-
sents the α preformation factors as a function of
NpNn
N0+Z0
of odd-A nuclei.
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Fig. 3. (color online) Same as Fig. 1, but it repre-
sents the α preformation factors as a function of
NpNn
N0+Z0
of doubly-odd nuclei.
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Fig. 4. (color online) The α preformation factors
Pα of even-even nuclei around Z0 = 82 and N0 =
126 shell closures as a function of
NpNn
N0+Z0
, which
Pα are obtained by eq. (14). The blue opened
squares denote the even-even nuclei around shell
closures, the blue dashed lines are the fittings of
the Pα.
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Fig. 5. (color online) Same as Fig. 4, but the α pre-
formation factors Pα are calculated by eq. (15).
4 Summary
In summary, using the generalized liquid drop model
(GLDM), we systematically study the α decay half-lives
and the preformation factors of 152 nuclei around Z =
82, N = 126 closed shells. It is found that the prefor-
mation factors are linearly related to NpNn and the cal-
culated half-lives can well reproduce the experimental
data. Meanwhile, the linear relationship between NpNn
and the preformation factors calculated by two different
formulas by defining the concept of the microscopic va-
lence nucleon (hole) number still exists. Combining with
Seif et al. work and our previous works, we think that the
linear relationship between Pα and NpNn around Z = 82,
N = 126 shell closures is not model dependent and the
valance proton-neutron interaction may be important to
the α particle preformation.
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